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ABSTRACT 
This thesis is about hydroponics, a kind of soilless agriculture practice using various 
technologies and techniques, and its application as a possible major subsector in the agricultural 
industry of a developing nation’s economy. For this thesis, the addition of its potential effect in 
Chinese rice production if one-fifth of its current rice producing farms converts from traditional 
farming to hydroponics.   
The review of related literature discusses the difficulty of finding academic and economic studies 
to prove the viability and impact of applying the technology in an industrial scale. Though many 
studies and articles can be derived from multiple sources, it seems that the technology is still not 
common enough to have access to viability studies of larger scale operations. The other parts of 
the literature review concentrates on the 4 models of analysis that will be used to look at the 
potential strength and weakness of the technology when applied. Furthermore it is also applied in 
context with the rice production sector of China. Finally a simple projection with assumed 
factors is done to measure the potential benefit in production. 
The analyses show that internally the applied technology benefits directly in terms of production 
and profit. Food quality and savings from resource conservation innately provided the system if 
used correctly also adds to profit margins. Although internally, areas of question would also lie 
around the dependence to information, infrastructure, and socio-political support in form of 
capital from government and the private sector.  In the case of China, its internal analyses  in the 
third chapter show almost the same benefits save for that China already has the capability of a 
complete supply chain and can locally source as well as develop all the subsector’s needs like 
specialists, chemical nutrients, equipment, and working local models. The areas of vulnerability 
also are similar with the general analyses. External analyses show that there might be aversion to 
the technology because it is not traditional and it requires higher capital investment albeit higher 
financial risk. Though its direct and indirect contribution to social welfare, economic 
development, and technological advancement is notable, the aversion to use the technology may 
hinder a country from getting these benefits. In the case of China, models are already set up but 
the technology is not yet used in a large industrial scale.  Government and academe support for 
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scale hydroponics subsector in China might not yet appear. Overall, China already removed 
vulnerabilities from both a micro and macro-environmental viewpoint making it more viable for 
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CHAPTER 1 - INTRODUCTION 
1.1  MOTIVATION 
The motivation behind this thesis is rooted in a television show in Discovery Channel that 
explores the technologies that could change the future state of cities or megacities. Ecopolis (n.d.) 
showed episodes that tackle sustainable energy, food and water supply, transportation, and waste 
management technologies. Coinciding with news about food security, I thought about an idea of 
using hydroponics with urban and / or even rural agriculture cooperatives to not only boost 
agricultural production but also to be a significant subsector of the agriculture industry using not 
just conventional knowledge of farming and fisheries but also inducing high tech means of 
production. Thus the thesis topic was born out of curiosity.  
 
1.2 REVIEW OF RELATED LITERATURE 
1.2.1 RESOURCES 
1.2.1.1 LIMITATIONS TO LITERATURE AND RESEARCH DATA 
There are many articles about hydroponics and other agricultural technologies. For hydroponics 
per se, even when there are relatively numerous sources both promoting and discrediting the 
technology, there have been very few if none at all open to public resource data and statistics 
where the technology had most impact especially in terms of production. Though generally 
speaking the information about how it is integrated, what possible impact in terms of individual 
crop yield and other various items such as that can be found, a specific one with input-output 
data has not been found by the researcher thus resulting to more descriptive and general 
information for this thesis. In an effort to make include quantitative analysis with the qualitative 
analysis, the researcher will limit his contextual research on Chinese rice production as rice 
being a staple in the country and the market as well as the industry is large enough, the scale of 
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1.2.1.2 URBAN AGRICULTURE AND FOOD SECURITY IN 
DEVELOPING COUNTRIES 
Farming and/or processing food products within or around towns, villages, or cities is called 
urban agriculture. It can range from engaging in agro-forestry, growing crops, and raising 
animals. (Urban Agriculture, 2010) Urban agriculture has shown to contribute to food safety and 
security through increasing food availability and proximity in urban areas. Urban agriculture also 
can be seen as a sustainable agricultural practice as it promotes energy conservation.  
 Urban Agriculture Facts 
• 50% of the world population lives in cities. 
• 800 million people are involved in urban agriculture world-wide and contribute to 
feeding urban residents. 
• Low income urban dwellers spend 40% - 60% of their income on food each year. 
• By 2015 about 26 cities in the world are to have a population of 10 million or 
more. To feed a city of this size – at least 6000 tonnes of food must be imported 
each day.  
(Urban Agriculture, 2010) 
Food Security is “the availability of food and one’s access to it.” (Food Security, 2010)  
Essentially the absence of hunger or prevalent fears of hunger give households food insecurity. 
The Community Food Security Coalition defines food security as a community’s population’s 
food availability. (Urban Agriculture, 2010) The available food should be accepted culturally, 
can give enough daily nutrition, and is grown and distributed locally. According for the Food and 
Agriculture Organization (FAO), the most undernourished world population can be found in 
Asia numbering to more than 60% followed by Africa which houses 25% of the undernourished 
population of the world. (Food Security, 2010) The hungry world population is likewise found in 
Africa and Asia having 33% and 16% respectively. FAO in its 2003 article concludes that the 
general trends for countries being able to address food insecurity are those that have rapid 
economic growth specifically in the agricultural sector, have slower population growth rates, 
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Urban Agriculture has been used all over the world ranging from developed to developing 
countries. For example, China, Cuba, Egypt, India, Thailand, and the United States amongst 
others use urban and / or peri-urban agricultural systems to aim for relative self-sufficiency, 
better food quality, and / or decreasing environmental impact of their cities. (Urban Agriculture, 
2010) 
1.2.1.3 HYDROPONICS TECHNOLOGY AND OTHER RELATED 
TECHNOLOGIES 
Hydroponics is an agricultural practice of removing soil or any medium with nutrients in them 
from the crop cultivation process. It mainly uses a mix of nutrient solutions for particular crops 
to grow. Crops used in hydroponics can be grown with or without a neutral medium. 
(Hydroponics, 2010) Hydroponics as a practice has many advantages ranging from cost-
efficiency due to lower resource costs due to the system being mobile and closed to the 
environment, limited to no pollution released in the environment, decreased vulnerability to pests 
and diseases, increased stable yields, and consistency in crop quality.   There are also 
disadvantages would generally linger around the closed environment making crop cultures 
vulnerable to pathogen and bacteria growth as well as overwatering of traditionally soil-grown 
plants.  
Aeroponics is another application of hydroponics wherein the nutrient solution is turned and 
delivered as a mist to the exposed roots of cultivated crops.  (Aeroponics, 2010) Aeroponics 
could possibly be more efficient than hydroponics as it uses less water compared to hydroponic 
system. Aeroponics also shares better benefits than hydroponics system including resources 
savings in water and energy, increased yields with lower risks of pathogen and disease 
vulnerability. 
Aquaponics is a closed system of hydroponically grown crops with fish cultivation where the 
nutrient-rich waste water unfit for fish growth is fed to the crop system to be cleaned and utilized 
in the hydroponic system later to be returned to the fish cultivation system. (Aquaponics, April 4, 
2010) This symbiotic system uses and reuses water in a closed system and it removes the 
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cultivation system contains the nutrients needed for plant growth. In turn the hydroponically 
grown crops clean the waste water that can be reused for the aquaculture. Aquaponics saves on 
water as the water used is constantly reused and recycled. Aquaponics also removes organic 
fertilization with the removal of waste disposal from aquaculture, reduction of cropland use, and 
the possible decrease in environmental and energy footprint of the system. The major downside 
of this system is that it is technologically and hardware difficulties as well as the relatively 
unsustainable problem for supplying feed for the aquaculture.  
Vertical farming is a proposed agricultural solution that utilizes entire skyscrapers to cultivate 
crops and possibly animals in a highly urbanized area like big cities or metropolises. (Vertical 
Farming, 2010) The concept was developed with the intention of lessening the ecological burden 
of rapidly growing food needs of growing urbanized populations all over the world.  It is 
essentially a large scale version of hydroponically or aeroponically grown crops. The proposed 
innovation’s perceived advantages are less resource usage and wastage such as land, water, and 
energy, increased crop production, prevention of problems coming from an open system such as 
weather, disease and / or pest infestations, reduce the usage of chemical control such as 
pesticides, fertilizers and herbicides that are threats to the environment, contribution to the 
prevention of wildlife extinction, reduces hazardous factors to humans, and the potential to 
contribute to the energy grid of a nation. Although the actual economic impact of vertical farms 
have yet to be created / published, critics of this concept argue that the capital needed to create 
the vertical farm, and its potential to actually drain more energy may outweigh the benefits in 
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1.2.2 METHODOLOGY 
1.2.2.1  PEST & SWOT ANALYSIS 
PEST is an acronym for Political, Economic, Social, and Technological analysis. (PEST 
Analysis, 2010) It is used for strategic management usually used in companies where the macro-
environmental factors of a particular industry are identified to help mold a firm’s strategy in its 
participation in the industry.  In recent years Environmental and Legal factors are introduced as 
growing concern for the natural environment arose hence modifying the model into PESTEL / 
PESTLE. Later on Education and Demographics have been added making the former model to 
STEEPLED.  Another configuration of this particular macro-environmental analysis is the Socio-
cultural, Technological, Economic, Ecological, and Regulatory factors (STEER) analysis. 
Item – PEST Analysis 
 
 
SWOT is an acronym for Strengths, Weaknesses, Opportunities, Threats analysis. (SWOT 
Analysis, 2010) It is used primarily to identify a firm’s strength and weaknesses as well as 
external areas it can capitalize on. This micro-environmental analysis usually is done in 
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Item – SWOT Analysis 
 
 
The two models usually are used by a single firm, conglomerate, or organization to help it to 
establish itself, gain prominence, or exit / diversify in a given industry / industries. For this thesis, 
a large organized hydroponics subsector of an agricultural sector will be treated as one 
organization to determine its particular strength as well as define a general set of entry strategies 
in order to make Hydroponically grown crops in large urban and / peri-urban facilities easier to 
introduce and maintain in the given economy.  
1.2.2.2 PORTER’S DIAMOND & 5 FORCES  
The Diamond model of Michael Porter is essentially an economic model analyzes the 
competitiveness of a particular industry. (Diamond Model, 2010)  The model looks at 6 factors: 
Factor conditions or resources required by the industry, Demand condition or the market and its 
relative strength or weakness, Related and supporting industries or firms within the industries 
supply chain, Firm strategy, structure and rivalry which are determined by micro-environmental 
analysis, Government as an influential factor, and Chance or things out of the firm’s control. 
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competing in the international market and compared with other similar or same industries of 
other nations. 
Item – National Diamond 
 
 
The 5 forces model is usually used for a firm and analyzes how it would interact with micro-
environmental factors. (Porter Five Forces Analysis, April 8, 2010) The model looks at a firm 
and the 5 general customer-firm interactions it usually is associated with: threat of substitute 
products, threat of new competitors, intensity of competition, bargaining power of buyers, and 
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Item – Porter’s 5 Forces 
 
 
Although the Porter’s diamond model can be used for entire industries, the 5 forces model 
usually is concentrated on individual firms competing in an industry. But given that the proposed 
subsector will be introduced as a homogenous organization, both the diamond model and the 5 
forces model will be used in conjunction with the other models to analyze factors and possible 
strategies of the subsector. 
1.2.3 MODEL ANALYSIS AND PROJECTION 
The paper will use the PEST and Diamond model to analyze the external factors that would 
affect the proposed subsector when it enters a particular nation’s agricultural sector. The SWOT 
analysis and 5 forces analysis will look into factors that the subsector should take a look in order 
for it to survive. Unlike modern small to large scale firms or groups of firms practiced in the 
world today, the proposed subsector is to identify what factors could affect the it and the 
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